2006, the target for specific national health guidance regarding MS, which became an obligatory target in April 2008, was estimated at 26.2% of the 40-to-64-year-old population (i.e., about 1.1 million Japanese) (MHLW, 2008) . Kuno (2003) developed an IT-based system that can provide tens of thousands of people with an exercise program depending on individual physical fitness estimated by a physical performance test. However, dealing with such a large population has problems of time and location constraints for conduct of the physical performance test intended to create the individualized exercise program as pointed out by Guralnik et al. (1994) , so this performance test is impossible realistically.
Thus, we focused on questionnaire-using estimation methods for physical fitness (Lamb, 1992; Nishijima et al., 1993; Tanaka et al., 1995; Williams et al., 2001; Nishijima et al., 2003; Mikkelsson et al., 2005) as a way that resolves the above problems. Previously, relationships have been observed between questionnaire-using physical fitness estimation methods and physical performance tests; especially, Kojima et al. (2006) suggested that exercise intensity can be set individually by a questionnaire-using physical fitness estimation method intended for elderly people. However, physical fitness estimation methods using a self-completed questionnaire impose a heavy burden on examiners and furthermore require much time, for the series of tasks consisting of collection, aggregation, and analysis of the questionnaire.
Meanwhile, in computerized adaptive testing (CAT) based on item response theory (IRT), which is a test theory, a CAT algorithm selects the next question item on the basis of each answer of each question asked to subjects using a PC (Ohtomo, 1996; Watanabe & Noguchi, 1999; Toyoda, 2002; Aoyagi, 2005) ; so CAT has the advantage that an estimation requires only a small number of items and furthermore the result can be confirmed just after completion of the estimation. To the authors' knowledge, however, there has never been a physical fitness estimation methods using CAT intended for middle-aged and elderly persons.
Estimation methods for physical fitness using CAT, which can be implemented anytime, anywhere if users have a PC and the Internet, are expected to be a very useful tool for estimation of physical fitness in specific health guidance and health promotion intended for large numbers of people. Thus, the purpose of this study is to develop a physical fitness estimation method using CAT based on IRT as an alternative to physical performance tests. The study also discusses practical application of that method to estimate individual physical fitness even among many people in a short time.
Method
2.1. Subjects and questionnaire for a CAT-using physical fitness estimation method
In this study, a questionnaire of 36 items regarding physical fitness and function intended for maintenance and promotion of the daily living function of elderly people was made by reference to the questionnaire content of previous studies (Nishijima et al., 1993; Kim et al., 1994; Nishijima et al., 2003; Nakano et al., 2004) . Among a community association called Union A, 357 healthy middle-aged and elderly persons, 46-88 years old (this population is called Group I) and consisting of 80 men (67.5Ϯ8.8 years) and 277 women (62.6Ϯ7.2 years) applied to a study participation request published in a public relations magazine and answered the 36-item questionnaire.
However, because the questions in the 36-item questionnaire were originally intended for elderly persons only, a second 63-item questionnaire was prepared for the more specific purpose of improving and preventing MS. It had 27 additional items which could also cover persons who were relatively high physically, i.e., middle-aged persons. The content of the added items was determined by the Delphi method (Dalkey et al., 1969) . In Cities M and T, 128 healthy middle-aged and elderly persons of 30-79 years old (this group is called Group II, and included individuals slightly younger than Group I) and consisting of 53 men (57.2Ϯ12.7 years) and 75 women (57.6Ϯ8.5 years) applied to a study participation request published in a public relations magazine and answered the 63-item questionnaire.
Appendix 1 shows a representative example of the questionnaires made in this study. The 63-item questionnaire consisted of 11 items that asked about endurance, 23 items that asked about muscle strength, 5 items that asked about muscle power, 3 items that asked about agility, 5 items that asked about balance, 8 items that asked about coordination, 4 items that asked about flexibility, and 4 items that asked about dexterity. The questionnaires were answered in a self-completed manner where one appropriate answer was selected out of the items composed by the dichotomous, trichotomous or tetrachotomous methods.
This study was carried out with the approval of the Research Ethics Committee of the Graduate School of Comprehensive Human Sciences, University of Tsukuba, Tsukuba, Japan. All subjects received a full explanation of the study purpose and content and understood them before giving their written consent.
Analyses of the questionnaire-using physical fitness estimation method
To apply IRT to analysis of questionnaires, the questions should be confirmed to be locallyindependent and unifactorial (Ohtomo, 1996; Watanabe & Noguchi, 1999) . The local independence was confirmed because a correct response to each item was found to be independent of other items judging by the content of the questionnaires. Regarding the unifactoriality, confirmation of a unifactorial model is generally done based on the change in eigenvalue for each factor extracted by factor analysis (Toyoda, 2002) . In this study, similarly, the eigenvalues for the factors extracted by factor analysis with the principal factor method were calculated.
Because this study proposed the development of a CAT-using method, a two-parameter logistic model (including difficulty and discrimination parameters) (Thissen, 1991) was used for calculation of the item characteristic curve (ICC) which represented the relationship between the characteristic of a question item and ability of a subject (Ohtomo, 1996) . Further, the questionnaires in this study were analyzed by using a multistep model because of the possibility for obtaining a variety of answers (Thissen, 1991) . The ICC was expressed by where q represents an ability level of a subject (Ϫ4.0 to 4.0, in increments of 0.1 units), a i represents the discrimination of item i, b i represents the difficulty of item i, and e is an abbreviation for exponent function (exp). The difficulty and discrimination were computed by using MULTILOG software (Assessment Systems Corp., St. Paul, MN). In this study, the range of the difficulty was arbitrarily from a minimum value of Ϫ5.0 to a maximum value of 5.0.
To transform the scales for the questionnaire results from Group I (nϭ357) and Group II (nϭ128) into a scale whose origin and unit are in common, equating was performed with a common item design (Shiba, 1991) before integration of the difficulty and discrimination. To confirm the goodness of the items in the present questionnaires to the theoretical IRT model, a chi-square (c 2 ) test was performed. Next, the invariance (i.e., whether or not the difficulty or ability level q depended on particular subjects or items) was confirmed. Regarding the invariance of the difficulty, the 128 subjects of Group II were sorted by gender and age to be assigned an individual identification (ID) number, the ID numbers were divided into even-and odd-numbered subgroups, and the correlation coefficient of the calculated difficulty was evaluated between these subgroups. Regarding the invariance of the ability level q , the 63 items were divided into two subgroups and the correlation of q was evaluated between these subgroups.
Further, to confirm the reliability of the questionnaires, the measurement precision was evaluated per q by using the test information function (TIF), which was the sum of the item information functions (IIFs) for all items. The IIF was expressed by where p represents the probability that choice c is selected, q equals 1Ϫp, p* represents the probability that choice c or higher is selected, and q* equals 1Ϫp*.
Development of the CAT-using physical fitness estimation method
To develop the CAT-using estimation method for physical fitness in this study, an item-variable algorithm utilizing the maximum information method was used (Noguchi, 1985) (Figure 1) . In this maximum information method, the item that contains the maximum amount of information is selected out of the item pool at each ability level (q ) which is computed whenever one item is answered; in this way the physical fitness can be estimated in a short time (Ohtomo, 1996; Watanabe & Noguchi, 1999; Toyoda, 2002) . The testing was terminated either when the delta of the ability level q became less than 0.1 through the 5 latest items, according to the criteria reported by Shibayama et al. (1987) , or when the 13th item was answered. Based on the above-described algorithm, the ability level q was computed as the score estimated by the CAT-using physical fitness estimation method. In the eventually
developed CAT, illustrations added to character information helped the subjects to visually imagine the movement of in the exercise or physical activity (Figure 2 ).
Performance test-using physical fitness estimation
To evaluate the relationship between the CAT-and performance test-using physical fitness estimation methods, Group II (nϭ128) was examined for the following 6 categories of the up-to-date physical performance test intended for 65-to-79-year-old persons set by the Ministry of Education, Culture, Sports, Science and Technology (MEXT, 2000) .
(1) Grip strength: for estimation of muscle strength, 2 alternate trials between the right and left hands (overall 4 trials) were measured using a grip dynamometer (T-1780 ST100, Toei Light Co., Ltd., Soka, Japan). The 2 better scores for the right and left hands were averaged as the score for the grip strength (in kg). (2) Sit-up: for estimation of muscle endurance of the body trunk, the subject took the supine position with 90°knee flexion and crossed the hands over the chest; the spotter held the subject's legs to prevent them from moving; and then the subject repeated a movement that raised the upper body for 30 s. The score for the number of sit-up repetitions was obtained from one trial. (3) Sit-and-reach: for estimation of flexibility, the subject sat on the floor at full knee extension and flattened the back and buttocks securely against a wall so as to flex the hip joint to 90°. After taking this posture, the subject extended both elbow joints to lay both hands on the measurement box, and then slid the box forward as far as possible without releasing the hands from the box. Two trials for a box-moved distance (in cm) were measured and the longer distance was adopted as the score for the body bend. (4) Single-leg balance with eyes open: for estimation of balance, the subject stood barefoot with both hands akimbo on the waist, in which the supporting leg was the one on which it was easier for the subject to stand while the other leg was raised anteriorly. Durations of two trials maintaining this posture were measured; if the duration exceeded 120 s, that duration was 120 s. The better duration was adopted as the score for the one-leg standing. (5) Ten-meter obstacle walk: for estimation of walking and adjustment abilities, 6 rows of 20-cm tall obstacles were placed at 2-m intervals across a 10-m long walking path; and the subject walked along this 10-m path. Two trials were measured for the time from the start signal until the rear foot that stepped over the final obstacle had landed on the floor (in 1/10 s) and the shorter time was adopted as the score for the 10-m obstacle walk. (6) Six-minute walk: for estimation of systemic endurance, the subject walked for 6 min while stepping over straight lines drawn at 50-m intervals. One trial for a walked distance was adopted as the score for a 6-min walk. According to the standards of the MEXT, physical scores for these 6 categories were evaluated on a 10-grade basis, and the total score was the score estimated for physical fitness. In the present study, the up-to-date physical performance test, which was originally intended for elderly persons, was applied to the middleaged person aged 40 to 64 years old as well, because this test is sufficiently safe and further can evaluate subjects both younger and older than 65 years on the same scale.
Validity of the CAT-using physical fitness estimation method
To confirm the validity of the CAT-using physical fitness estimation method, the correlation of the estimated score was evaluated between the CAT-using physical fitness estimation method and the up-to-date physical performance test. Further, to confirm the validity of how the score was estimated by the CATusing physical fitness estimation method, the correlation of the estimated score was evaluated between the CAT-using physical fitness estimation method and the 63-item questionnaire. For these evaluations, Pearson's correlation coefficient was used; and for statistical statistic calculations, SPSS 12.0 J for Windows (SPSS Japan Inc., Tokyo, Japan) was used with a significant level of pϽ0.05.
Results

Analyses of the questionnaire-using physical fitness estimation method
To apply IRT to analysis of questionnaires, one concept, physical fitness, should compose the questionnaires. In the 63 items, the explained variances of the 1st, 2nd, and 3rd factors were 20.1%, 11.5%, and 6.8%, respectively, and the eigenvalues of these 3 factors were 12.7, 7.2, and 4.3, respectively. Because an explained variance for the 1st factor of more than 20% has been reported to provide high homogeneity for the questionnaire (Toyoda, 2002) and based on the change in eigenvalues for these 3 factors, the data obtained from the questionnaires adequately met the condition of the IRT application.
Appendix 2 shows the difficulty and discrimination determined based on the results of the questionnaires in this study. The difficulty b 1 was Ϫ0.61Ϯ0.87 on average for the 14 dichotomous items; the difficulties b 1 and b 2 were Ϫ1.14Ϯ0.90 and 0.79Ϯ1.09 on average for the 24 trichotomous items, respectively; and the difficulties b 1 , b 2 , and b 3 were Ϫ1.60Ϯ1.97, 0.59Ϯ1.19, and 2.15Ϯ1.29 on average for the 25 tetrachotomous items, respectively. The discrimination a was 1.91Ϯ0.81 on average for all 63 items. Regarding the goodness of the IRT model, the c 2 test showed significant differences in 7 of 63 items (pϽ0.01). Regarding the invariance, i.e., whether or not the difficulty or ability level q depended on particular subjects or items, the correlation coefficient of the difficulty parameter was rϭ0.80 between the two subgroups into which the subjects were divided (pϽ0.01); that of the ability level q was rϭ0.94 between the two subgroups into which the 63 items were divided (pϽ0.01).
Regarding the reliability of the questionnaires, the TIF which represented the measurement precision per q was determined (Figure 3) . In the 36 items used for Group I (nϭ357), the TIF had a maximum value of 60.4 at q ϭϪ0.3; whereas, in the 27 items used additionally for Group II (nϭ128), the TIF had a maximum value of 61.0 at q ϭ0.7, so the ability level q at which the TIF peak was reached was shifted to the right compared to Group I. Further, in the 63 items combined for Groups I and II, the TIF had a maximum value of 115.8 at q ϭϪ0.3 and had a higher information value at every q .
The CAT-using physical fitness estimation method
The correlation coefficient of the estimated score was rϭ0.96 between the CAT-using physical fitness estimation method and the 63-item questionnaire (pϽ0.001) (Figure 4A) . The correlation coefficient of the estimated score was rϭ0.60 between the CAT-using physical fitness estimation method and the up-to-date physical performance test (pϽ0.001) (Figure 4B) .
The method using the CAT algorithm (Figure 1 ) was terminated after averages of 10.5 items were answered. The delta of the ability level q became less than 0.1 for 121 (94.5%) of 128 subjects (one termination condition), while the 13th item was answered by 7 (5.5%) of 128 subjects (the other termination condition).
Discussion
4.1. Questionnaire-using physical fitness estimation method, a simple method
The purpose of the present study was to develop a physical fitness estimation method using CAT based on IRT, as an alternative to physical performance tests. In conventional questionnaire-using physical fitness estimation methods which use classical test theory (CTT), the subjects with or without high physical fitness must answer all question items which have various difficulties because the difficulty of each question item is unclear (Nishijima et al., 1993; Kinugasa & Nagasaki, 1998) . In CTT, also, if the number of question items is limited, group characteristics such as subjects' age-group, gender, and sports experience may be limited (Lamb, 1992; Tanaka et al., 1995; Mikkelsson et al., 2005) . Furthermore, in all previous studies on questionnaire-using physical fitness estimation methods, because processing at the survey site required much time because of the tasks, e.g., aggregation and analysis, such methods were too complicated for practical use.
In the physical fitness estimation method using CAT based on IRT, which the we attempted to develop, a CAT algorithm selected the next question item based on the answerer's physical fitness whenever each question asked among the 63 items was answered on the PC screen, so the testing was terminated after only 10.5 items were answered on average. Furthermore, since the correlation coefficient of the estimated score was rϭ0.96 between the CAT-using physical fitness estimation method and the 63-item questionnaire (pϽ0.001), the CAT-using physical fitness estimation method was considered valid. Therefore, this CATusing physical fitness estimation method can estimate physical fitness with a smaller number of items compared to conventional questionnaire-using methods, and further, its results can be confirmed immediately on the PC screen.
The difficulty computed through the IRT analysis represents a physical fitness level in each question item (Hambleton & Swaminathan, 1985) . The items of the present questionnaires were balanced in difficulty-from low difficulty items on daily living functions, e.g., lifting and lowering of bedclothes, walking, to high difficulty items on running, performance test categories, etc. Further, because the TIF analysis showed that the questionnaire that included additional items had higher measurement precision in the physically stronger group, the physical fitness estimation method using these questionnaires was considered suitable for estimation of physical fitness of middle-aged and elderly persons with a broad range of physical fitness.
The questionnaires made in this study covered items on motions and exercises which used the whole body, upper extremities, and lower extremities. Especially in the items on lower extremity strength, e.g., standing up, ascending and descending stairs or slopes, and running, discrimination which represented measurement precision (Hambleton & Swaminathan, 1985) was found to be higher. Age-related muscle weakness is more remarkable in the lower extremities than upper extremities, and especially, people in their 40 s and older have been reported to have significantly decreased lower extremity strength compared to young people (Lynch et al., 1999) . It was suggested that the physical fitness estimation method using these questionnaires that mainly covered the muscular function of the lower extremities was useful for middle-aged persons, who are more likely to develop MS which could cause loss of lower extremity strength, and to elderly persons, who lose daily living functions.
Validity and application of CAT-using physical fitness estimation method
To confirm the validity of the CAT-using physical fitness estimation method, the relationship was evaluated by using the 6 categories in the physical performance test set by MEXT which were similar to physical fitness elements of the questionnaires. The correlation coefficient was rϭ0.60 between the CATusing physical fitness estimation method and the physical performance test (pϽ0.001, nϭ128). In a previous study on the relationship between a questionnaire-using physical fitness estimation method and a physical performance test, Mikkelsson et al. (2005) found that the correlation coefficients of the score between the questionnaire and the 6-category physical performance test were rϭ0.54 in 29 40-year old men (a 95% CI of 0.21-0.76) and rϭ0.54 in 35 40-year old women (a 95% CI of 0.25-0.74). In other previous studies on middle-aged and elderly persons (Lamb, 1992; Nishijima et al., 1993; Kinugasa & Nagasaki, 1998; Nishijima et al., 2003) , it has been reported that the questionnaire-using physical fitness estimation method correlated at about rϭ0.4-0.6 with the physical performance test and so was valid. Kojima et al. (2006) found that physical fitness estimated by a questionnaire correlated significantly with the score for the 6-min walk at rϭ0.56 in elderly people ( pϽ0.001), and suggested that exercise intensity can be set within safe limits appropriate for individuals. It was suggested that the proposed CAT-using physical fitness estimation method, which was comparable to or exceeded previous studies in terms of the validity, can be utilized adequately for estimating physical fitness.
By using the CAT developed in this study, physical fitness of subjects in a broad range of ages can be assessed. On the point that CAT can be implemented anytime, anywhere which has PCs and Internet access, CAT is better suited for estimating physical fitness than questionnaires in previous studies. A CAT-using physical fitness estimation method can be completed in a shorter time compared to physical performance tests, requires no measurement devices and measurers, and can be applied to people with illnesses or disabilities as well; because of such advantages, this estimation method is potentially a useful tool for promoting health for large numbers of people.
In the future, the CAT-using physical fitness estimation method developed in this study may be utilized practically in health promotion program intended to prevent MS.
Conclusion
This study aimed at developing a CAT-using physical fitness estimation method intended for large numbers of middle-aged and elderly persons, as an alternative to physical performance tests.
The estimated score in this method, which consisted of a limited number of items, was found to correlate very highly with that in a 63-item questionnaire and further it correlated significantly with the score in a physical performance test. Because a CAT-using physical fitness estimation method can be conducted everywhere, e.g., the home or office, it was suggested that this physical fitness estimation method may be useful tool for many people.
